Shiritori is a popular Japanese word chain game that resembles verbal fluency tasks used in Western countries. Recently, shiritori has been used to determine the dominant hemisphere for language and as a rehabilitation tool. However, there are few reports of neuroimaging during shiritori. We used functional magnetic resonance imaging (fMRI) to conduct a detailed study of brain activities during shiritori and observed activation not only of the left inferior frontal gyrus (including the pars opecularis, the pars triangularis and the pars orbitalis), which is a language-related area, but also of the left superior and middle frontal gyri, the right pars orbitalis (inferior frontal gyrus), and the right cerebellar hemisphere. Shiritori is a useful tool for psychological study and rehabilitation. 
INTRODUCTION
Different languages produce different types of word games. Japanese word games, for example, often involve palindromes and puns. Shiritori is a Japanese word game that enjoys wide popularity among men and women of all ages and occupations (shiritori is described later). Recently shiritori has attracted attention in Japan as a cognitive rehabilitation tool. However, there are few reports of neuroimaging during shiritori. In reported studies, identification of the dominant hemisphere related to language was a major goal but the localization was very rough [1] .
Yamamoto et al. [2] performed magnetoencephalography (MEG) in subjects playing shiritori and reported left-sided dominance of inferior frontal and superior temporal gyrus activities; however, they did not examine the entire brain including the cerebellum. Moreover, no comparative statistical studies have been performed of brain activities during shiritori between males and females.
Detailed examination of shiritori may lead to development of more effective rehabilitation techniques in future. In the present study we used high magnetic field MRI during a shiritori task to observe activation of brain structures at high resolution, and to enable a Kurume Medical Journal Vol. 57, No. 4, 2010 direct comparison of brain activity between males and females.
MATERIALS AND METHODS

Subjects
Twenty healthy subjects (10 males and 10 females with a mean age of 26.0±2.6 years) participated in this study. They had completed at least 12 years of education. Five of them were in university and 15 of them had finished university. Thus, they were considered to have normal intellectual functions. None had a history of neurological or psychological disorders. All were native speakers of Japanese and were judged from the Edinburgh Handedness Inventory to be righthanded [3] . Adequate informed consent was obtained from all subjects. This study was approved by the Ethical Review Board of Kurume University.
Task Design
Shiritori is a word chain game based on the characteristics of the kana phonograms used in the Japanese language. There are 46 kana, and each kana character represents 1 syllable. Shiritori is played as follows: first, a player utters a word at random. The next player must say a word that starts with the last syllable of the word uttered by the previous player, and this is repeated serially among the players until one of them uses a word that ends with the kana "n" (Fig. 1) . This stops the chain because there are no words that begin with the kana "n" in Japanese. The players do not know what word the previous player will say until it is uttered, so shiritori can be considered a relatively complex and challenging task.
In the present study the subjects lay in a supine position with a headset on. The task was composed of 6 blocks of 51 sec each. The subjects were rested in Blocks 1 (Scans 1-10), 3 (Scans 21-30), and 5 (Scans 41-50). They were instructed to keep their eyes open and relax without thinking of anything (rest condition). Shiritori was performed in Blocks 2 (Scans 11-20), 4 (Scans 31-40), and 6 (Scans 51-60). The subjects were instructed to keep their eyes open and remain relaxed, as during the rest condition. When the 2nd, 4th, and 6th blocks began, the first word was presented aurally through the headphones. The subjects performed shiritori by themselves using the first word without moving their mouth or vocalizing until they were instructed to stop (shiritori task condition). The task was orally explained to the subjects at the time of obtaining informed consent. Just before the actual trial the subjects were asked to perform shiritori in the waiting room in the presence of a researcher for 50 sec, and the number of words generated was recorded. At this time, shiritori was vocalized, unlike during the actual trial.
Data Acquisition
Magnetic resonance imaging was performed on a SIEMENS 1.5 T scanner. T2* -weighted images that covered the whole brain were acquired from each subject using an echo plannar imaging (EPI) pulse sequence echo time (TE) 70 ms, repetition time (TR) 5.1 s, flip angle 90 degrees, field of view (FOV) 225×225×148 mm 3 , voxel dimension 64×64×40, slice thickness 3.5 mm). A block paradigm was used in which 10 volumes were controls and 10 volumes were activation periods. One series consisted of 3 periods of activation tasks and 3 periods of rest, yielding a total of 60 volumes of EPI.
Date proproceeing
All the images acquired from the scanner in digital Imaging and communication in Medicine (DICOM) format were converted to Analyze format through the DICOM toolbox in statistical parametric mapping (SPM2) software (Wellcome Department of Cognitive Neurology, London, UK) implemented in matrix laboratory (MATLAB) (Mathworks Inc., Narick, MA) [4] . SPM2 software allowed us to realign all the data to correct for movement. Normalization from each EPI image to the Montreal Neurological Institute EPI reference brain provided by SPM was carried out by resampling to a final size of 2×2×2 mm 3 voxels. Lastly,
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A B A： Let's do the shiritori. B： It is good. A： Then, from me. Ka-ra-su (crow).
B： su-i-ka (watermelon).
A: ka-me-ra (camera). B: ・・・ra-i-o-n (lion). I have said words to get "n" at the end. ・・・・It was defeated. smoothing was performed with a Gaussian spatial filter to a final smoothness of 8 mm.
Statistical analysis
Data were analyzed on an individual (subject per subject) basis and across subjects (group analysis) using subject variance (random effect model). For individual analysis, data from each run were modeled using the general linear model with separate functions modeling the hemodynamic response to each experimental epoch. We defined one contrast (shiritori task versus rest) for each series (per subject). We first applied a threshold to the T maps at T=7.05 (p<0.05, corrected for family-wise error) for the activation task. In these thresholded maps, activated clusters were considered significant if their spatial extent was >8 corresponding to a risk of error (type I error) of p<0.05 (corrected). Lastly, activated regions were determined by local maxima labeling of automated anatomical labeling (AAL) [5] . The areas of activated regions were calculated by multiplying the cluster areas determined by SPM by the percentages indicated by cluster labeling of AAL.
In addition, analysis of variance (ANOVA) corrected for sphericity (Greenhouse-Geiser) was applied to the data to determine whether more activated areas existed in one task over another (male > female, or female > male). The F maps were thresholded to F= 10.39 (p<0.001) for the main task effect. In these thresholded maps, activated clusters were considered significant if their spatial extent was >54 corresponding to a risk of error (type I error) of p<0.05 (corrected).
RESULTS
The average number (±standard deviation) of words that the subjects uttered during the vocal shiritori (test trial) before scanning was 24±3.9. After the actual trial the subjects reported that their performances had been about the same as in the test trial in front of the researcher. Figure 2 shows functional magnetic resonance imaging (fMRI) images during the shiritori task. In the left hemisphere, the superior frontal gyrus, the middle frontal gyrus, the inferior frontal gyri, the supplementary motor area, the precentral gyrus, the temporal pole: superior temporal gyrus, the insula, the pallidum, the thalamus, and the cingulum were activated during shiritori as compared with the rest conditions. In the right hemisphere, the pars orbitalis of the inferior frontal gyrus, insula, and the putamen were activated. Concerning the frontal lobe, while significant activation was observed in an area of 534 voxels on the left side, only 12 voxels were activated on the right side. In the cerebellum, both hemispheres were activated. However, the right hemisphere was activated widely rather than the left hemisphere. Tables 1 and 2 show the activated sites and their areas.
There were no significant differences in the average number (±standard deviation) of words produced in vocal shiritori between males and females (males 
DISCUSSION
In the healthy subjects, activation of the left side of the cerebrum was predominant during shiritori.
Concerning the frontal lobe, while significant activation was observed in an area of 534 voxels on the left side, only 12 voxels were activated on the right side, and activities of the frontal lobe were also markedly left-sided. The medial superior frontal gyrus has been suggested to have a central role in encoding response conflict [6] . We considered that response conflict might occur during shiritori in the process of searching for an appropriate word while excluding inappropriate words (words that end with the kana "n"). Our results appear to have confirmed this hypothesis.
The middle frontal gyrus has been reported to show significant left-sided dominance in many languagerelated tasks, and this is considered to be due to the process of word generation [7] and the use of working memory [8] . Narayanan et al. [9] divided the process of working memory into smaller units using a verbal fluency task and showed the activation of this site in encoding, maintenance, and retrieval phases. Since shiritori basically involves the same psychological processes as the verbal fluency task, the activation of the left middle frontal gyrus observed in our study appears reasonable. Concerning the inferior frontal gyrus, the pars triangularis and pars opercularis comprise Broca's area and are related to linguistic processing and the production and understanding of vocal and sign languages [10] . This area is widely known to be related to speech, as demonstrated by the occurrence of motor aphasia following its impairment. Since it has been shown to be activated by silent verbal tasks similar to those used in this study [2, 11] , it is considered to be involved in word recall and retrieval processes. As to the function of pars orbitalis, it has been implicated in the semantic processing of language [12] [13] [14] . Furthermore, although it is thought to be related to inhibitory control [15, 16] and motivation [17, 18] , these are usually associated with activation of both sides. Our study showed that the pars orbitalis was activated bilaterally. In shiritori it is against the rules to say a word ending in "n". When subjects noticed that they were about to use an inappropriate word, it is possible that inhibitory control acted and the pars orbitalis was activated bilaterally. Moreover, in our study, the subjects received no reward. However, when interviewed after the end of the experiment, all subjects showed interest in their performances, so this area is considered to have been activated due to a motivation to perform well.
The precentral gyrus, a primary motor area, was activated particularly below the center, the area controlling the lips, in this study. The subjects were instructed not to move their lips, and their compliance regarding this instruction was confirmed after the experiment. Similar activation of the precentral gyrus was reported in previous studies [2, 8, 11] , which suggested the possibility of its activation by imaging of vocalization and slight lip movements, despite instruction to avoid them. In this study, activation of the supplementary motor area was also indicated by AAL. In the AAL that we used, the pre-supplementary motor area and the supplementary motor area (proper) were not classified separately, and the whole region was treated as the supplementary motor area in the wider sense [5] . In this study the anterior part of the supplementary motor area was activated during shiritori, so we regarded this part as the pre-supplementary motor area. It is reported that the pre-supplementary motor area is associated with conscious response inhibition [19] . We considered that this region was activated by conscious response inhibition to avoid using inappropriate words.
Concerning the cerebellum, many areas of the right cerebellar hemisphere were activated, but only the crus1 was activated in the left hemisphere, showing clear right-sided dominance. Relationships of the cerebellum with various higher cognitive functions have been reported. Regarding linguistic functions, Peterson et al. [20] reported activation of the right cerebellar hemisphere using positron emission tomography (PET) during the task of thinking of appropriate verbs for acoustically or visually presented nouns. Therefore, they considered that this activation was related to cognitive activities of the brain rather than to the mere repetition of words or motor functions. Activation of the cerebellum in our study is also considered to have been due to cognitive linguistic activities. Activation of the cerebellum has also been reported with activation of the frontal lobe [20, 21] . In addition, Peterson et al. [20] noted activation of the left frontal lobe and right cerebral hemisphere, and suggested functional as well as anatomical cross-communication between the frontal lobe and cerebellum. Furthermore, HubrichUngureanu et al. [22] indicated that cerebellar activation was contralateral to the activation of the frontal cortex using fMRI during a verbal fluency task. Our results confirm the contralateral cerebellar activation.
In addition, we looked for differences between the male and female groups, but there were no significant differences in the executed number of shiritori or in the regions activated during this task. Bell et al. [23] , however, reported that males had a significantly greater mean activation than females in a covered word generation task. In explaining the identified gender difference, they reasoned that females would be expected to perform better on verbal tasks than males although they did not have performance data on this owing the nature of the task. In our shiritori task, the practice results before the scan revealed no significant difference in performance of word generation between males and females. Furthermore, the subject interviews performed after fMRI indicated that the number of shiritori words was the same for males and females. In contrast to Bell's result, performance in the present study was the same in both groups. This may be why fMRI activation was the same in the female and male groups.
In this study of healthy Japanese subjects, the shiritori task clearly showed left cerebral hemisphere predominance, and the utility of this task for identification of the predominant hemisphere in language use was confirmed. High magnetic field MRI showed that the shiritori task bilaterally activated the pars orbitalis, which is seldom activated by conventional verbal fluency tasks, indicating that the subjects might be more easily motivated to perform shiritori than other language tasks. Moreover, it has been shown that shiritori involved the interaction of various areas of the brain. In future, we plan to take advantage of the characteristics of the shiritori task in the treatment of psychiatric patients, such as those with schizophrenia. Our findings suggest that shiritori may be a useful tool for psychological study and rehabilitation.
